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(54) Title: EXTERIOR PANELS FOR MOTOR VEHICLES 
(57) Abstract 

An exterior panel (10) for a motor vehicle has 10 
a coefficient of linear thermal expansion of less than 
20 x I0- 6 inches of expansion per inch material per 
degree Fahrenheit. The exterior panel (10) comprises 
a rigid structure (14) formed from at least one 
thermoplastic material and reinforcement particles 
dispersed within the at least one thermoplastic. The 
reinforcement particles comprise less than 15 % of a 
total volume of the rigid structure. At least 40 % of 

the reinforcement particles have a thickness less than about 50 nanometers. A decorative coating layer (12) having at least one coloring 
agent is disposed on the rigid structure ( 1 4). 



12 

L 



BNSDOCID: <WO 9961281A1J_> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


AM 


Armenia 


EI 


Finland 


LT 


AT 


Austria 


FR 


France 


LU 


AU 


Australia 


GA 


Gabon 


LV 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


BB 


Barbados 


GH 


Ghana 


MG 


BE 


Belgium 


GN 


Guinea 


MK 


BF 


Burkina Faso 


GR 


Greece 


ML 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


MN 


BR 


Brazil 


IL 


Israel 


MR 


BY 


Belarus 


IS 


Iceland 


MVV 


CA 


Canada 


IT 


Italy 


MX 


CF 


Central African Republic 


JP 


Japan 


NE 


CG 


Congo 


KE 


Kenya 


NL 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


CI 


Cdte d' [voire 


KP 


Democratic People's 


NZ 


CM 


Cameroon 




Republic of Korea 


PL 


CN 


China 


KR 


Republic of Korea 


PT 


CU 


Cuba 


KZ 


Kazakstan 


RO 


CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


DE 


Germany 


LI 


Liechtenstein 


SD 


DK 


Denmark 


LK 


Sri Lanka 


SE 


EE 


Estonia 


LR 


Liberia 


SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 
Mauritania 
Malawi 
Mex ico 
Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



BNSDOCID: <WO 9961281A1J_> 



♦ 

i 



WO 99/61281 



PCT/US99/11194 



EXTERIOR PANELS FOR MOTOR VEHICLES 
Field of the Invention 

This invention relates to an exterior panel for a motor vehicle. In 
particular, this invention relates to an exterior body panel for a motor vehicle. 
5 Background of the Invention 

The present invention relates to automotive exterior body components that 
can be provided with improved dimensional stability, increased structural modulus 
(stiffness) and strength while increasing surface toughness. At the same time, the 
exterior body pans can be made with less material, and thus lighter, while 
10 achieving the above-improved structural characteristics. In addition, because less 
material is used, manufacturing costs are reduced. 

Hard exterior vehicle pans, such as hoods, quarter panels, truck beds, 
outside door panels, lift gates, truck lids, bumper beams, and tailgates generally 
require high dimensional stability, low flexibility, and a low coefficient of thermal 
15 expansion. For example, these parts cannot have a high coefficient of linear 
thermal expansion because they are generally bounded on two or more sides by 
other parts, with a predetermined gap therebetween. If these parts expand or 
contract to a large extent, the gap would have to be made larger than desirable to 
accommodate large expansion on hot days or smaller than desirable to 
20 accommodate shrinkage on cold days. Thus, the coefficient of linear thermal 

expansion for these parts should be less than 20 xIO' 6 inches of expansion per inch 
of material per degree Fahrenheit ( tN/IN)/°F. In the past, these components have 
been typically constructed from metal material, such as steel. 

Plastics are advantageous over steel in that they are lighter in weight and 
25 are not subject to the same degree of deterioration due to oxidation. Thermoset 
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plastics, such as polyester resin molding compounds (SMC and BMC) have also 
been employed for various hard exterior panel applications, such as in the Corvette 
automobile. These thermoset materials have been highly reinforced, e.g., with 
glass fibers or mineral fillers constituting about 40-50% reinforcement material by 
5 volume of the total volume of the resultant product, to provide sufficient 
reinforcement and structural rigidity to suit the application. While adequate 
impact absorption and low thermal expansion can be achieved with the highly 
reinforced thermoset plastic material, the high reinforcement makes the resultant 
panel difficult to paint; requiring several coats and touch-up to achieve an even 
10 surface appearance. 

Thermoplastics would be an advantageous material in comparison with 
thermosets for automotive hard exterior panel applications, because thermoplastics 
have much better ductility and thus much better impact absorption characteristics 
than thermosets. Thermoplastics would also be preferred because they are 
15 inherently easier to recycle, both from scrap material or defect parts during 
production and from scrapped vehicles that are no longer operational. 
Furthermore, thermoplastics, and in particular polyolefin thermoplastics, are less 
expensive than thermoset materials. 

However, in contrast to thermosets, thermoplastics have not been widely 
20 used for exterior vehicle body components because they have been difficult to 
mold after being loaded with sufficient amounts of glass fiber and mineral 
reinforcement fillers. Thus, thermoplastics have not been able to be molded with 
enough reinforcement material to achieve the required impact strength and 
dimensional stability (e.g., low coefficient of thermal expansion) for exterior 
25 vehicle body parts. 
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Summary of the Invention 

The disadvantages of the prior art may be overcome by providing an 
exterior panel for a motor vehicle having a coefficient of linear thermal expansion 
of less than 20x 10" 6 inches of expansion per inch material per degree Fahrenheit. 
5 The exterior panel comprises a rigid structure formed from at least one 

thermoplastic olefin material and reinforcement particles dispersed within the at 
least one thermoplastic olefin. The reinforcement panicles comprise less than 
1 5% of a total volume of the rigid structure. At least 40% of the reinforcement 
particles have a thickness less than about 50 nanometers. A decorative coating 
10 layer having a least one coloring agent is disposed on the rigid structure. 

In a more preferred embodiment, at least 50% of the reinforcement 
particles have a thickness less than about 20 nanometers. It is also preferred for at 
least 99% of the reinforcement particles to have a thickness less than about 30 
nanometers. 
15 Brief Description of the Drawings 

FIG. 1 is a perspective view of an exterior vehicle panel manufactured in 
accordance with the present invention; and 

FIG. 2 is a cross sectional view taken through the line 2-2 in FIG. 1. 
Detailed Description of the Invention 
20 The exterior vehicle panels manufactured in accordance with the present 

invention comprises a composite material of a polymer having dispersed therein 
reinforcement fillers in the form of very small mineral reinforcement particles. 
The reinforcement filler particles, also referred to as "nanoparticles" due to the 
magnitude of their dimensions, each comprise one or more generally flat platelets. 
25 Each platelet has a thickness of between 0.7-1.2 nanometers. Generally, the 



BNSDOCID: <WO 9961281A1 J_> 



W099/61281 4 PCTAUS99/11194 

average platelet thickness is approximately 1 nanometer thick. The aspect ratio 
(which is the largest dimension divided by the thickness) for each nanoparticle is 
between about 50 to about 300. 

The platelet particles or nanoparticles are derivable from larger, layered 
5 mineral particles. Any layered mineral capable of being intercalated may be 

employed in the present invention. Layered silicate minerals are preferred. The 
layered silicate minerals that may be employed include natural and artificial 
minerals. Non-limiting examples of more preferred minerals include 
montmorillonite, vermiculite, hectorite, saponite, hydrotalcites. kanemite. sodium 
10 octosilicate, magadiite, and kenyaite. Mixed Mg and Al hydroxides may also be 
used. Among the most preferred minerals is montmorillonite. 

To exfoliate the larger mineral particles into their constituent layers, 
different methods may be employed. For example, swellable layered minerals, 
such as montmorillonite and saponite are known to intercalate water to expand the 
15 inter layer distance of the layered mineral, thereby facilitating exfoliation and 

dispersion of the layers uniformly in water. Dispersion of layers in water is aided 
by mixing with high shear. The mineral particles may also be exfoliated by a 
shearing process in which the mineral particles are impregnated with water, then 
frozen, and then dried. The freeze dried particles are then mixed into molten 
20 polymeric material and subjected to a high sheer mixing operation so as to peel 
individual platelets from multi-platelet particles and thereby reduce the particle 
sizes to the desired range. Thermoplastic polymers are more viscous than 
thermosets, and thus lend themselves more easily to the high sheering mixing 
action. Thus, thermoplastic polymers are a preferred material for facilitating 
25 exfoliation. 
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The composites of the present invention are prepared by combining the 
platelet mineral with the desired polymer in the desired ratios. The components 
can be blended by general techniques known to those skilled in the art. For 
example, the components can be blended and then melted in mixers or extruders. 
5 Additional specific preferred methods, for the puiposes of the present 

invention, for forming a polymer composite having dispersed therein exfoliated 
layered particles are disclosed in U.S. Patent Nos. 5,717,000, 5,747,560, 
5,698.624, and WO 93/1 1 190. Additional background is included in the following 
references: U.S. Patent Nos. 4,739.007 and 5,652,284. 
10 The polymer used for the purposes of the present invention is a 

thermoplastic. The thermoplastic is preferably a polyolefin, a blend of polyolefins, 
an engineering thermoplastic, a blend of engineering thermoplastics, or a blend of 
at least one polyolefin with at least one engineering thermoplastic. The preferred 
polyolefin is at least one member selected from the group consisting of 
15 polypropylene, ethylene-propylene copolymers, thermoplastic olefins (TPOs). and 
thermoplastic polyolefin elastomers (TPEs). 

The exfoliation of layered mineral particles into constituent layers need not 
be complete in order to achieve the objects of the present invention. The present 
invention contemplates that at least 40% of the particles should be less than about 
20 50 nanometers in thickness and. thus, at least 40% of the particles should be less 
than about 50 platelets stacked upon one another in the thickness direction. More 
preferably, at least 50 % of the particles should have a thickness of less than 10 
nanometers. Even more preferably, at least 70% of the particles should have a 
thickness of less than 5 nanometers. 
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It is most preferable to have as many particles as possible to be as small as 

possible, ideally including only a single platelet. In any event, most of the 
advantages in accordance with the present invention accrue where at least 50% of 
the reinforcement particles have a thickness of less than about 20 nanometers and 
5 at least 99% of the reinforcement particles have a thickness of less than about 30 
nanometers. 

As stated above, the preferred aspect ratio (which is the largest dimension 
divided by the thickness) for each particle is about 50 to about 300. At least 80% 
of the particles should be within this range. If too many particles have an aspect 
10 ratio above 300, the material becomes too viscous for forming parts in an effective 
and efficient manner. If too many particles have an aspect ratio of smaller than 50. 
the particle reinforcements will not provide the desired reinforcement 
characteristics. More preferably, the aspect ratio for each particle is between 100- 
200. Most preferably, at least 90% of the particles have an aspect ratio within the 

15 100-200 range. 

A panel in accordance with the present invention is generally illustrated by 
reference numeral 10 in FIG. 1. The cross sectional view of FIG. 2 illustrates a 
rigid structure 14 comprising at least one thermoplastic and reinforcement 
particles dispersed therein. A colored coating layer (paint) is illustrated by 
20 reference numeral 12. 

It is preferable for these hard exterior panels to have reinforcement 
particles of the type described herein comprising about 6-15% of the total volume 
of the panel, with the balance comprising the thermoplastic substrate and suitable 
additives. If greater than 15% by volume of reinforcement filler is used, the 
25 viscosity of the composition becomes too high and thus difficult to mold. It is 
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even more preferable for these exterior panels to have reinforcement particles of 
the type contemplated herein comprising about 8%-I2% of the total volume of the 
panel. The coefficient of linear thermal expansion for these parts in accordance 
with the present invention is less than about 20 xlO 6 (IN/IN)/ 0 F, preferably less 
5 than about 1 5 x 1 0" 6 inches of expansion per inch material per degree Fahrenheit 
(IN/IN)/ 0 F, and even more preferably less than 12xl0" 6 (IN/IN)/ 0 F. 

The specific gravity of these parts is between 1.1-1.4, and the modulus is 
between 350,000 PSI and 1,000,000 PSI. 

The present invention employs conventional injection molding techniques 
10 to mold the resultant exterior vehicle panel with the thermoplastic having 
nanoparticle reinforcement fillers dispersed therein as discussed above. 

Additional benefits accrue. More specifically, the reinforced panels in 
accordance with the present invention are easier to paint than other polymer 
exterior panels that are highly loaded with conventional reinforcing fillers. The 
15 paint or decorative coating layer is illustrated by reference numeral 12 in FIG. 2. 
The preferred paint used for this application is an elastomeric acrylic melamine. 

Moreover, because thermoplastic materials can be used, the parts can be 
molded by an injection molding technique, as opposed to the much slower 
compression molding technique that would be used when conventionally 
20 reinforcing polymers. 

Furthermore, using thermoplastics makes it easier to disperse the 
nanoparticles by a shearing process, whereby the nanoparticles are impregnated 
with water, then frozen and then dried. The freeze-dried particles are then 
distributed into molten thermoplastic material. The thermoplastic material is more 
25 viscous than thermoset materials, and thus lends itself to being worked in sheer to 
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peel individual platelets from multi-platelet particles and thereby reduce the 
particle sizes to the desired range. 

A further advantage is better ductility, good impact resistance, and low 
coefficient of thermal expansion, all with less weight and less material. 

5 It should be appreciated that the foregoing description is illustrative in 

nature and that the present invention includes modifications, changes, and 
equivalents thereof, without departure from the scope of the invention. 
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WHAT IS CLAIMED IS: 

1 . An exterior panel for a motor vehicle, comprising: a rigid structure 
formed from at least one thermoplastic material and reinforcement 
particles dispersed within the at least one thermoplastic, said 
reinforcement particles comprising less than 15% of a total volume 
of the rigid structure, at least 40% of the reinforcement particles 
having a thickness less than about 50 nanometers, said rigid 
structure having a coefficient of linear thermal expansion of less 
than 20 xlO 6 inches of expansion per inch material per degree 
Fahrenheit, and a decorative coating layer having a least one 
coloring agent disposed on the rigid structure. 

2. An exterior panel for a motor vehicle in accordance with claim 1 , 
wherein at least 50% of the reinforcement particles have a 
thickness of less than about 20 nanometers and at least 99% of the 
reinforcement particles have a thickness of less than about 30 
nanometers. 

3. An exterior panel for a motor vehicle in accordance with claim 1, 
wherein said reinforcement particles comprise one or more 
materials from a group consisting of montmorillonite, vermiculite, 
hectorite, saponite, hydrotalcites, kanemite, sodium octosilicate, 
magadiite. and kenyaite. 
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4. An exterior panel for a motor vehicle in accordance with claim 1, 
wherein said at least one thermoplastic is selected from a group 
consisting of polyolefin, a blend of polyolefins, an engineering 
thermoplastic, a blend of engineering thermoplastics, and a blend 
of at least one polyolefin with at least one engineering 
thermoplastic. 

5. An exterior panel for a motor vehicle in accordance with claim 1 , 
wherein said at least one thermoplastic comprises a polyolefin 
selected from the group consisting of polypropylene, ethylene- 
propylene copolymers, thermoplastic olefins (TPOs), and 
thermoplastic polyolefin elastomers (TPEs). 

6. An exterior panel for a motor vehicle in accordance with claim 1, 
wherein at least 80% of the reinforcement particles have an aspect 
ratio of about 50 to about 300. 



7. An exterior panel for a motor vehicle in accordance with claim 1, 
wherein at least 90% of the reinforcement particles have an aspect 

20 ratio of about 100 to about 200. 

8. An exterior panel for a motor vehicle in accordance with claim 1 , 
wherein said reinforcement particles comprise between about 6% to 
about 15% of the total volume of the rigid structure. 

25 
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An exterior panel for a motor vehicle in accordance with claim 8, 
wherein said reinforcement particles comprise between about 8% to 
about 12% of the total volume of the rigid structure. 

An exterior panel for a motor vehicle in accordance with claim 9, 
wherein said rigid structure has a coefficient of linear thermal 
expansion of less than about 15 x 10~ 6 inches of expansion per inch 
material per degree Fahrenheit. 

An exterior panel for a motor vehicle in accordance with claim 9, 
wherein said rigid structure has a coefficient of linear thermal 
expansion of less than about 12 x 10~ 6 inches of expansion per inch 
material per degree Fahrenheit. 



An exterior panel for a motor vehicle in accordance with claim 1 , 
wherein said rigid structure has a specific gravity of between about 
1.1 to about 1 .4, and has a modulus between about 500,000 PSI and 
about 1,000,000 PSI. 



An exterior panel for a motor vehicle in accordance with claim I, 
wherein said decorative coating layer having said least one coloring 
agent comprises an elastomeric acrylic melamine. 
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